Possible observation sequences of Brans-Dicke wormholes 
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The purpose of this study is to investigate observational features of Brans-Dicke wormholes in a 
case if they exist in our Universe. The energy flux from accretion onto a Brans-Dicke wormhole and 
the so-called "maximum impact parameter" are studied (the last one might allow to observe light 
sources through a wormhole throat). The computed values were compared with the corresponding 
ones for GR-wormholes and Schwarzschild black holes. We shown that Brans-Dicke wormholes are 
quasi-Schwarzschild objects and should differ from GR wormholes by about one order of magnitude 
in the accretion energy flux. 
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I. INTRODUCTION 



Different types of wormholes were extensively studied 
recently, especially in the framework of extended gravi- 
tational models. A lot of attention was paid to worm- 
holes with massless scalar fields [H, in multidimen- 
tional theories 0-01 ' '^^ brane- world models [8l-[l]|. in 
semiclassical gravitation , and for different equations 
of state addressing the Dark Matter (or energy) issues 
[l3| . An important question naturally arises: would it 
be possible to distinguish between wormholes in different 
gravitational models using observational data available in 
the near future with better precision? There are several 
methods of compact objects' study nowadays. Novikov 
and Shatsky [iJilal have extracted distinctive features of 
gravitational lensing of light passing through the worm- 
hole throat. It this work we focus on the possible observa- 
tions of accretion disks around Brans-Dicke wormholes. 
According to the latest results, there are gas accretion 
disks or gas clouds around almost all galactic nuclei at 
distances from 0.1 to 10'^ pc [13] ■ It is possible to evaluate 
the mass of the object through the gas flux in the clouds. 
The accretion speed allows to establish the existence of 
a surface and hence to determine the object's nature be- 
cause black holes and wormholes do not have any surface 
in the opposite to neutron stars that have the one. In the 
articles by T. Harko, Z. Kovacs and F.S.N. Lobo 
it was shown that fluxes of accretion onto different types 



of wormholes in General Relativity (GR) should differ 
by orders of magnitude. This approach therefore sounds 
meaningful. Our work is devoted to analogous consid- 
erations for Brans-Dicke wormholes and studies some of 
their topological aspects as well. We consider a station- 
ary model of accretion disk [l^ . Isotropic coordinates are 
used, as in the original Brans-Dicke formalism. All the 
results are written down in Planck units c = G = h = 1. 



II. BRANS-DICKE WORMHOLES 

Brans-Dicke theory is a scalar-tensor gravitational 
model that leads to GR when the coupling constant 
\uj\ oo. The action is: 

S = [ d'^X {(f>R + ^ g'^'^(j),f,(j),„ + Lraatter)i 

lOTT J 

(1) 

where R is the Ricci scalar, is a scalar fleld, g^i, is the 
metric tensor and Lmatter is the contribution of matter 
fields. The corresponding fleld equations are 
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where T — T^, T^n is the stress-energy tensor and □ is 
d'Alembert operator. 
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There is a set of energy conditions in GR 12011 that im- 
poses Umits on the stress-energy tensor T^^, [2l| . To form 
a wormhole, one needs a matter that breaks the null en- 
ergy condition but still remains stable. As usual, Jordan- 
Brans-Dicke theory allows gravity to influence matter via 
the space-time metric tensor. But the matter itself can 
change the metric both directly and via the additional 
scalar field. Thus, the gravitational constant G depends 
on the scalar field which is variable in space and time. In 
the theory just the scalar field of Brans-Dicke plays the 
role of matter. This model does not restrict other kinds 
of matter or dust to be added of course, it just can not 
be completely matterless. As the Einstein tensor breaks 
the null energy condition due to its definition, the right 
part of expression ([2]) also breaks that condition. 

There are four static spherically-symmetric solutions in 
Brans-Dicke theory but only the first and the fourth 
ones are independent. Scalar fields in Brans-Dicke model 
should satisfy the equation [23] 
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uj + 2 r 



(3) 



up to first order in l/r. M is the asymptotic mass of 
the wormhole at infinity. The forth solution breaks this 
condition so we consider only the first Brans-Dicke class 
of solutions with the metric 
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Herej: = p/S, Z = 1/A, n = (A-C-l)/A, p = 
C/A, p is the isotropic radial coordinate. A, -B, C and cj 
are the constants related by p2|: 
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At infinity, the metric asymptotically approaches the 
Schwarzschild solution 



ds' = 



4p 



V'+4^/ 



dt^ 



if a; — 7^ ± cxj. The case a; — >■ -I- oo corresponds to black 
holes and the one a; — > — oo leads to wormholes. Thus 
A^l,C^OandB^ M/2 at the infinity. 

Numerical values for the expressions in Brans-Dicke 
theory depend on the value of the coupling constant uj. 
So it should be possible to fix |a;| from observational data. 
As it was shown by Agnese and La Camera, the discussed 



wormhole is traversable if a; < — 2 (2j| . Thus the scalar 
field itself plays the role of the required exotic matter. 
Using Cassini experiments on PPN measuring, it is easy 
to find that |a;| > 50000 and only such values are consid- 
ered. 



III. FLUX AND TOPOLOGY. RESULTS 

By solving geodesic equations, it is straightforward to 
establish that energy, angular momentum and angular 
velocity for particles on Keplerian orbits in the equatorial 
region of the accretion disk are: 



E 



L = 




a;2 + A2 - 2x (C + 1) 
x2 + A2-2.T (C + 2)' 

2_y2 



X 



^x"^ + A2 - 2x (C + 2) \x - \) 



X - 



A\ 



1 



2x 



B X2 - A2 



+ A2-2a; (C + 1) \x ^ 



i+p 



p+21 



(6) 



The flux of energy emitted from the disk surface dur- 
ing the accretion to the Brans-Dicke wormhole can be 
calculated numerically after substituting ^ into the ex- 
pression [25j : 



F{t) 



Mo 



-g {E-niy 



{E - flL) L^r dr, (7) 



where Vms is the marginally stable orbit, and Mq is 
dM 

the accretion speed — ;— . On Fig. we compare 

dt 

the obtained values of angular velocity and moment, en- 
ergy and energy flux of the accretion disk particles with 
the corresponding magnitudes for wormholes in GR and 
Schwarzschild black holes. 

The wormhole throat is the surface with the minimal 
possible area surrounding the entry into another universe. 
The isotropic radial coordinate p on the throat surface is 
given by 



Po = 



V2B /2 |a; + 1| ± ^-8 - 6a;^ 
i ^{2lj + 3){lj + 2) j 



(8) 



If |a;| > 50000 the throat radius in arbitrary coordinates 
is ro — 2M (Fig. E]) with a high precision. Hence, it 
coincides with the Schwarzschild gravitational radius of 
the black hole with corresponding mass. 

The maximum impact parameter hmax that allows to 
observe light sources from the other universe for 
Brans-Dicke wormholes in almost the full range of lo is 
h^ax = 3a/3M « 5.18M (Fig. This expected resuh 
confirms the fact that the observable Brans-Dicke worm- 
holes must be quasi-Schwarzschild (for them o) — > — cx3 
by definition). 
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FIG. 1: Angular velocities of the accretion disk parti- 
cles (xlO^'' rad/c) for wormholes in GR (dashdot line), 
Schwarzschild black hole (dash line) and Brans-Dicke worm- 
hole (solid line) as a function of the normalized radius. 



FIG. 2: Angular rnorncnts of the accretion disk parti- 
cles (xlO* cm'^/c) for wormholes in GR (dashdot line), 
Schwarzschild black hole (dash line) and Brans-Dicke worm- 
hole (solid line) as a function the normalized radius. 



The marginally stable orbit in the considered model 
was found numerically and has a value rms ~ 5M. 

One can find the stress-energy tensor for the Brans- 
Dicke scalar field from: 
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(9) 
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The study of this expression can reveal new properties 
of the scalar field and will be the subject or further re- 
searches. 



FIG. 3: Energy of the accretion disk particles {crc? /c^) 
in mass unites for wormholes in GR (dashdot line), 
Schwarzschild black hole (dash line) and Brans-Dicke worm- 
hole (solid line) as a function of the normalized radius. 



IV. CONCLUSIONS 

We have calculated the flux from accretion onto the 
Brans-Dicke wormhole. It is important to underline that 
the observer at infinity sees only the integral fiux. The 
distribution of the flux of energy emitted form the ac- 
cretion disk is almost Gauss one, so its integral flux is 
proportional to the maximum of the energy one. These 
maxima arc just the values to be compared. The maxi- 
mum energy for the accretion onto spherically-symmetric 
wormholes in GR is one order of magnitude larger that 
the one for the accretion onto the Brans-Dicke wormhole 
or on a Schwarzschild black hole. As shown here, for 
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FIG. 4: Energy flux of the accretion disk particles 
(xlO^"* crg/cm^/c)for wormholcs in GR (dashdot line), 
Schwarzschild black hole (dash line) and Brans-Dicke worm- 
hole (solid line) as a function of the normalized radius. 



the last two types the values or the energy maximum are 
almost the same. As allowed values for ui are already re- 
stricted, measuring of the energy flux allows to test the 
considered model and can help to distinguish between 
different types of compact objects in future. 



The throat radius and maximum impact parameter for 
a Brans-Dicke wormhole were found. We show that these 
values do not differ from the ones associated with a quasi- 
Schwarzschild wormhole. According to the Birkhoff 
theorem the Schwarzschild metric is the most common 
spherically-symmetric one in a curved space-time. This 
solution by itself describes the black hole and does not 
lead to such objects as wormholcs, but the studied worm- 
holes tend to the Schwarzschild metric at the infinity. So 
it is possible to claim that Brans-Dicke wormholcs are 
asymptotically Schwarzschild. This fact allows to search 
for them basing on future observational data with more 
accuracy. 
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FIG. 5: Wormhole's throat radius in mass units as a function 
of the Brans-Dicke parameter w. 
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FIG. 6: Wormhole's maximum impact parameter in mass 
units as a function of the Brans-Dicke parameter uj. 
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